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The concept of generalized partially balanced incomplete block (PBIB) design is introduced. 
Generalized PBIB designs are shown to be useful for the construction ofequireplicate balanced 
block designs, pairwise balanced esigns and BIB designs. 
1. Introduction 
The concept of generalized PBIB designs will be introduced by generalizing 
PBIB designs. These designs will be shown to be useful for construction of 
equireplicate balanced block designs, pairwise balanced esigns and BIB designs. 
2. Generalized PBIB designs 
The idea behind the introduction of generalized PBIB designs is that in many 
construction problems based on PBIB designs the parameters P~k, connected to 
PBIB designs, are of no importance. 
Definition 1. A generalized PBIB design with m-associate classes is an arrange- 
ment of a set of v elements (treatments) into b subsets (blocks) such that the 
following conditions are fulfilled: 
(i) each element occurs in exactly r subsets, 
(ii) each block contains exactly k (<v) elements, 
(iii) with respect o any element X, the other v - 1 elements can be grouped 
into m classes uch that 
(a) an element in the ith (i = 1, 2 , . . . ,  m) class of size ni, is called ith 
associate of X; 
(b) if X is ith associate of Y, then Y is ith associate of X, and 
(iv) any two elements which are ith associate occur together in ~,i (distinct) 
subsets. 
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The number m of classes and their sizes ni are independent of the element X. A 
PBIB design is also a generalized PBIB design; and, a PBIB design with certain 
3.'s indistinct is a GPBIB design obtained by combining the association classes 
whose 3.'s are same to form one class. The following relationships hold between 
the parameters of a GPBIB design: 
m m 
vr=bk,  ~ ni3.i=r(k - 1), ~ ni = 1) -- 1. (1) 
i=1  i=1 
The parameters Pjk of  ordinary PBiB designs are not involved here. A 
geometrical configuration (Me, Na) of M points and N lines in a projective plane 
such that through each point passes c lines and on each line lies d points and its 
dual (Na, Mc) are GPBIB designs with parameters 
v=M,  b=N,  r=c,  k=d,  3.1=1, 3.2=0, n l=C(d-1) ,  
n2 = o - -  1 - -  h i ,  (2) 
v=N,  b=M,  r=d,  k=c ,  ).1=1, 3.2=0, n l=d(c -1 ) ,  
nE=V- l -n l ,  (3) 
respectively. The concepts of complementation, duality, resolvability and affine 
resolvability for ordinary PBIB designs can easily be extended to GPBIB designs. 
3. Equireplicate balanced block designs 
An equireplicate block design has equal frequency of occurrence for all 
treatments. Equireplicate balanced block designs have been constructed by 
combining suitable PBIB designs with two associate classes by Gupta and Jones 
(1983), Sinha and Jones (1987) and Sinha (1985). 
Theorem 3.1. The existence of two-associate class GPBIB designs with the 
parameters 
v, bi, ri, ki, 3.1i, 3.2i, i=1,2 ,  (4) 
such that the signs of (3.n - 3.21) and (3.12 - 3.22) are opposite, implies the existence 
of equireplicate balanced block design with the following parameters 
v, b = bl + b2, r = rl + r2, kl, k2, (5) 
= 3.1,13.1j-  ; jl, i ~ j, i, j=  l, 2. 
i 
Proof. By adding together the blocks of t~i copies of the designs with parameters 
(4), we get an equireplicate balanced block design with parameters (5). Since 
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)-11 ~12 ~1 )-22 
k-7 + = + 
the common sum of weighted concurrences (to) [2] is satisfied for 
ki 1)-1~- )-2j[, i ~ j ,  i, j = 1, 2. 
The above result is a further generalization of the results obtained in [3]. 
~= 
Theorem 3.2. The existence 
parameters 
tl, bi, ri, ki, )-li, 
of  two 3-associate class GPBIB designs with 
)-2/, )-3i, 
such that )-11 + )-12 --  )-21 + )-22 "-- )-31 "~" )-32 "-" P 
i=  1,2, (6) 
(say) implies the existence of  an 
equireplicate balanced block design with the following parameters 
v, b = bl + b2, r = l"l + rE, kl, k2, to = p (7) 
Proof. By adding together the blocks of ki copies of the designs with parameters 
(6), we get a design with parameters (7). [] 
Corollary 3.3. f f  )-11 -Jr- )-12 = )-21 -~- )-22 = )-31 -Jr- )-32, then by tak ing  oc I = 1 = oL2, we 
get a pairwise balanced design. 
Corollary 3.4. When kl = k2, we get a BIB design. 
4. Hiustration 
Given below are examples of GPBIB designs with parameters 
(i) v = 15, b = 9, r = 3, k = 5, )-1 = 2, 
n2 = 8, n3 = 4; 
(ii) v = 15 = b, r = 6 = k, )-1 = 1, )-2 = 2, )-3 = 3, nl = 2, 
n3=4.  
)-2 --" 1, )-3 = 0, n I = 2, 
n 2 ~ 8,  
Exmnple 1. 
(0, 5, 6, 12, 13), 
(4, 5, 7, 10, 11), 
(0, 1, 2, 3, 4), 
(2, 5, 6, 9, 14), 
(4, 6, 8, 10, 11). 
(0, 1, 9, 10, 13), 
(2, 3, 11, 12, 14), 
(1, 7, 8, 13, 14), 
(3, 7, 8, 9, 12), 
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Example 2. 
(1,3,5, 
(0,1,6, 
(1,3,6, 
(0,3,5, 
(1,2,5, 
(1,2,4, 
(2,3,5, 
6, 9, 11), 
7, 11, 14), 
7, 10, 12), 
8, 11, 13), 
8, 10, 14) 
11, 12, 13), 
7, 10, 13), 
8,9,11). 
(0, 2, 6, 8, 10, 12), 
(3, 4, 6, 8, 13, 14), 
(0, 4, 5, 7, 12, 14), 
(0, 3, 4, 9, 10, 14), 
(2, 4, 6, 7, 9, 13) 
(9, 10, 11, 12, 13, 14), 
(1, 4,5, 8, 9, 12), 
(0,2,7, 
By combining the above two designs we get a pairwise balanced esign with 
parameters: 
v=15 b=24,  r=9,  k1=5, k2=6, ~.=3, 
By combining 5 copies of (i) and 6 copies of (ii), we get an equireplicate balanced 
block design with parameters 
v = 15, b = 135, r - 51, kl  -'- 5, k2 = 6, to = 3. 
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